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XIII - VARIOUS FLAP OVERHANGS USED VWITH
A 30-PERCENT-CHORD FLAP ON AN NACA 66-009 AIRFOIL

By Clarence L. Gillis and Vernard E. Lockwood
SUMMARY

Force tests in two-dimensional flow have been made
on an NA4CA 66-009 airfoil with a flap having a chord 30
percent of the airfoil chord and a tab having a chord 20
percent of the flap chord. 4 plain flap ard flaps having
overhangs of 35 and 50 percent of the flap chord were
tested with two gan variations, sealed and unsealed. The
results are presented as aerodynamic section character-
istics.

The results indicated that the lift-curve glops was
generally greater for thisg airfoil than for the previ-
ously tested NACA (0009 and NACL Q015 airfoils and the
elope was decreased by unsealing the gap. Increasing the
overhang incresased slightly the 1ift effectivenscss of the
flap, and unsealing the gap caused a loss of effective~
ness for the plain flap but increased the effectiveness
for the balanced flaps. The slopes of the hinge-moment-
coefficient curves were generally more negative for the
NACA 66~009 airfoil than for the other two airfoils.

Soms overbalance occurred with the 50-percent-flap-chord
overhangs. Unsealing the gap gave a slightly more nega-
tive slope to the curves of hinge-moment coefficient
against angle of attack and had little effect on the var-
lation of hinge-moment coefficiont with flap deflection.
The tab was effective in producing incremernts of 1ift and
flap hinge moments for all conditions tested and was more
effective when deflected in opposition to the flap.

INTRODUCTION

An oxtensive two-dimensional-flow investigation of
the aerodynamic section characteristica of airfo;ls with
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flaps has been undertaken by the ¥atiomal Advisory Committee
for Aeronautice to provide data for the design of control
surfaces. Force tests have been made of ITACA 0009 and

NACA 0015 airfoils equipped with 30-percent-airfoil-chord
(0.30¢) flaps and 20-percent-flap-chord (0,20ce)} tabs and
having various flap modifications. Some of the modifica-
tions that have been tested are: altered flap profile,

flap nose shape, balance length, and gap size. The re-
sults of the tests pertinent to the present investigation
are discussged in references 1 to 8. ’

" The present series of tests was made of an NACA
66-009 airfoil with a 0.30c flap and a 0.20cy tab. 4 plain

flap and a flap with aserodynamic balances or overhangs of
35 percent and 50 percent of the flap chord were tested
for comparison with the results given in references 1 to 8.

APPARATUS AND MODEL

The tests were made in the NACA vertical tunnel de-
scribed in reference 9, modified to a ¢losed rectangular
4- by 6-foot test section for force tests of models in two-
dimensional flow. A threse-component balance system is
used to measure the 1ift, drag, and pitching moment of the
airfoil. The hinge moments of the flap and of the tab
were measured individually by special cantilever-beam
strain gages bullt into the model.

The 2~foot-chord by 4-foot-span modsl (fig. 1) was
made of laminated mahogany, except: for a brass tab, to the
WACA 66-009 profile. (See table I.) The model was
equipped with a 0.30c flap and a 0.20cy plain tad. Three
flap arrangements were tested: a -plain flap, a flap hav-
ing a 0.35csy overhang, and a flap having a 0.50cy overhang.
4 blunt nose shape was used for all flaps. The blunt-nose
flap overhang was defined by the normal airfoil contour
with a nose radius of approximately one-half the airfoil
thickness (fig. 1). The overhangs were made in .the form
of interchangeable nose blocks and were matched with inter-—
changeable blocks in the airfoil forward of the flap. The
tab wes made of brass, with a nose radius approximately
one-~half the airfoil thickness at the tab hinge axis.

The gaps at the nose of the flap and of the tab were
0.005¢ and 0.00lc, respectively, and, when sealed-gap
tests were made, both gaps were filled witk light greass.
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The model, when mounted in the tunnel, completely spanned the
test section. With this &ype of installation two-dimensional flow
is approximated; and the section characteristics of the alrfoll,
flap, and teb may be determined. The model was attached to the
balance freme by torque tubes that extended through the sides of the
tunnel. The angle of attack was get from outside the tunnel by
rotating the torque tubes with an electric drive. Flap and tab
deflections were set inside the tunnel by templets and were held by
friction clamps on the cantilever beams that were used in measuring
the hinge moments.

TESTS

The tests wers made at a dynamic pregsurs-of 15 pounds per
square foot, which corresponds to a velocity of approximately 76
miles per hour at standard sea-level conditions. The effective
Reynolds number of the tests was approrimately 2,760,000. ( Effec-
tive Reynolds number = test Reynolds number X turbulence factor.
The turbulence factor for the 4- by 6-foot vertical tummel is 1.93.)

The flap defelctions used werse 00, 10, 2°, 5°, and in 5°
increments to £0°, 25°, or 30°, depending upon the balamce size.
The tab was dsflected in 5° increments from 0° to 2200 with the flap
neutral for all three flaps tested and in 5° increments fram 20°
1o -20° with the plain flap deflected,10° and .20°. The flap tests
wore made with both the flap and the tab gaps sealed and unsealed.
The 1ift, drag, and pitching moment of the airfoil and the hinge
moments of the flap and the tab were measured. For each flap
setting, force tests were made throughout most of the angle-of -
attack range at 20 increments from the negative stall to the
positive stall. When elther stall position was approached, the
increment was reduced to 1. For some of the tab tests, increments
of 39 were used. All tab tests were made-with unsealsd gaps.

RESULTS

Symbols .

The coefflcients and the.symbols used in.ihis -paper are
defined as follows: . )



cy - airfoil section 1ift coefficient (1/qc)

eq, airfoil section profile-drag coefficient (d,/qe)

Cn airfoil section pitching-moment coefficient (m/qc®)

chf flap sgction hinge-moment coefficlent (hf/qcfz)

®h, tab sectlon hinge-moment coefficient (hy/qey®)

where

] airfoil section 1ift

do airfoil section profiloc drag

m " airfoll scction pi£ching moment about quarter-chbrd
point of airfoil

h} flap soction hinge moment

‘hy tad section hinge moment

c chord of basic airfoil with flap and tab neutral

ce flap chord

Cyg ‘tad chord

q dynamic pressure

and

@, angle of attack for airfoil of infinite aspect ratlo

6g flap deflection with respect to airfoil

8y tad deflection with respect to flap

Yhen subscripts are used outside the parentheses, they
represent the factors held constant during the measurement
of the parameters.

The term "overhang" is used to indicate the part of
the flap projecting ahead of the hinge line; thus, the

e 0 e e e
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‘piain flap has én overhang of 0.113cy but this amount of

overhang does not contribute any acrodynamic balance.
Precision

The accuracy of the 1lift and pitching-moment data is
indicated by the variation in 1ift and gitching~moment
coefficients at an angle of attack of 0  and a flap de~
flection of 0° among the tests with various overhangs and
gap conditions. The magximum error in effective angle of
attack appears to be *0.2°. The small emount of positive

1ift obtained at 0° angle of attack for all tests with
flap neutral indicates some inaccuracy in model construc-
tion or installation. PFlap deflections were set within

+£0,2° at small deflections. At the high deflections the
angular displacement of.the flap under load slightly ex-
ceeded this valus. Tab deflections were set to within
£1,5%, Tunnel corrections experimentally determined in
the WACA 4~ by 6-foot vertical tunnel were applied only %o
lift. The hinge moments are probably slightly higher than
would be obtained in free air and, consequently, the val-
ues presented are considered conservative. The increments
of profile-~drag coefficient are believed to be accurate
within *£0.001 for small flap deflections and within *0.003
for large flap deflections and should be reasonably inde-
pendent of tunnel effect, although the absolute value isg
subject to an unknown correction. Inaccuracies in the
section data presented are thought to be negligible rela-
tive to inaccuracies that will be incurred in the appli-’
cation of the data to finite airfolls.

Presentation of Data

The aerodynamic section characteristics of the NACA
66-009 airfoil with a 0.30c flap are presented in figures
2 to 7. The effect of flap deflection on the characteris-
tics is shown in figure 2 for the plain flap, in figure 3
for the flap with a 0.35csy overhang, and in figure 4 for
the flap with a 0.50cy overhang. Figures 2(a), 3(a), and
4(a) show tho results for the sealed-gap condition and
figures 2(b), 3(b), and 4(b) for a gap of 0.005¢c at the
flap nose. Figures 5, 6, and 7 show the effect of tab de~
flection on the characteristics of the alrfoil with the
plain flap, the flap with a 0.35c¢ overhang, and the flap

with a 0,50cy overhang, respectively. - Figure 5(a) shows
the effect of tab deflection with the flap neutral; figure
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5(b), with the flap deflected 10°; and figure 5(c), with
the flap deflected 20°.

Increments of profile—drag coefficient caused by flap
deflection are shown in figure 8 for the three flap ar-
rangements tested. The increments wers obtained by sub-
tracting the drag for the flap-neutral condition at angles
of attack of —4°, 0°, and 4° from the drag for the flap-
deflected condltion at the same angles of attack.

The data for the NACA 66-009 airfoil are compared
with the data for the NACA 0009 airfoil from references 1
to 4 and with the data for the NACA 0015 airfoil from
references 6 to 8.

DISCUSSION OF AERODYNAMIC SECTION CEARACTERISTICS

Lift

Apparently the nature of the air flow over the NACA
66-009 airfoil is different from that over the NACA 0009
and NACA 0015 airfolls as evidenced by the nonlinearity
of the 1ift curves of figures 2, 3, and 4. Separation
seems to begin at rather low angles of attack and causes
the lift—curve slope to decrease appreciably before the

stall is reached. The NACA 66-009 airfoil stalls at small-—

er angles of attack than the NACA 0015 airfoil and at ap-—
proximately the seme angles of attack as the NACA 0009
alrfoil, For any gliven flap deflection, thersfore, the
NACA 66-009 airfoil has a maximum 1ift coefficient slight—
ly helow that of the NACA 00Q9 airfoll and considerably
below that of the NACA 0015 airfoil. The loss of 1ift at
the stall is more gradual for the NACA 66-009 airfoil
than for the NACA 0009 airfoil. It should be noted that
the results of the present tests represent the condition
of the airfoil in a turbulent streem at a low Reynolds
number, Because this airfoil is designed for use on tail
surfaces, the tests are probably representative of the
actual operating condltions for the tail surface, which is
normally in the region affected by the slipstream. The
effect of Reynolds mumber on the maximwm 1ift will proba-—
bly be similar on all three airfoils.

Several additional effects that were not evident on
the NACA 0009 and NACA 0015 airfoils are noticeabls at
large flap deflections in the 1lift curves of figures 2, 3,

e




and 4, The plain flap maintained some.lift effectiveness
to the highest deflection tested (30°) at nearly all an—
gles of attack except those near the negative stall, At
this point the 1ift decreased rapidly at flap deflections
of 25° and 30°. The loss of 1lift under these conditions
did not occur on the other two airfolls, When the larger
flap overhangs were used, the airfoll experienced a loss
of lift at large flap deflections and at angles of attack
near 0°, as is usual when large overhangs are used. Ab
larger positive angles of attack just pelow the-stall,
however, the lift was recovered with the result that for
all cases tested with the large overhangs the maxlmum
1ift of the airfoil occurred with the highest flap deflec-
tion, even when this high deflection had been ineffective
at all other angles of attack,

The horizontal tail surface in landing has a posi-
tive angle of atbtack and s large negative flap deflec—
tion. This condition is represented on the symmetrical
airfoll of the present tests by the region at negative
angles of attack and large positlive flap deflections. In
this region the flaps with overhang produced greater in—
crements of lift fram zero flap deflection than the plain
flap for a given flap deflection. The plain flap, how-
ever, maintained some effectiveness at higher deflsctlons
than the flaps with overhang. As a result, the total in-
crements of Llift given by the maximum effective flap de-
flection in the landing condition were generally greater
for the plain flap than for the flaps with overhang when
the gaps were sealed and were greater for the flaps with
overhang when the gaps were unsealed.

The 1lift-curve slope for the NACA 66-009 airfoil
through the small linsar range was generally larger than
for the NACA 000G and NACA 0Ql5 airfoils. Unsealing ths
gap decreased (Bcz/éao)af’at; the decrease was greater

for the larger overhangs.

The tests and the discussion in reference 5 showed
that the airfoil and flap characteristics could be changed
by modifying the thickness and shape of the airfoil sur~
face near the trailing edge. Decreasing the angle between
the two surfaces at the tralling edge will alter the pros-
sure distribution so as to increase the 1lift over the rear
portion of the airfoil. Thus, the greater lLift-curve
slops of the NACA 66-009 airfoil could be expected because
of the asmaller included angle near the trailing edge.
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The flap lift-effectiveness parameter (aaoﬁkE)GZG

(table II) was epproximately the same as for the NACA 0009
airfoil and generally greater than for the NACA 0015 air-
foil. With the plain flap (da,/30;) ¢y.5, ves slightly

2

reduced by unsealing the gap; whereas (dw/%ﬁf) é for
v

the flaps with the larger overhangs became greater when

the gap was unsealed

Flap Hinge Moments

The hinge-moment-goefficient curves for the plaln
flap (fig. § are approximately linear throughout most of
the angle-of-attack range at flap deflections up to 10°
The hinge-moment parameters of table II, which cover this
linear range, are slightly more negative than the parame-
ters for a plain flap on the NACA 0009 airfoil and con-
giderably more negative than those for.a plain flap on
the NACA 0015 airfoil. TFor flap deflections greater than
10°, however, the departure of the curves from linearity
ig very marked, more so than for either of the other two
airfoils. The maximum hinge-moment coefflcients measured
for the plain flap on the NACA 66~009 airfoil at a flap
deflection of 30° are about 10 percent larger than for the
NACA 0009 airfoil and about 20 percent larger than for the
NACA 0015 airfoil. A% positive angles of attack Jjust be-

+ low the stall the hinge-moment coefficients generally de-

crease slightly but increase as the airfoil stalls. Un-
sealing the gap has very little effect on the hinge mo-

ments of the plain flap.

The hinge-moment parameters for the flaps with 0.35cyp
and 0.50cy overhangs are glven in table II., The values of

(ach /88 ) were measured over a flap-deflection range

@, 5
of about Oo to 5° %o give a general indication of the bal-
ancinhg effect of the overhangs. Because of the general
nonlinearity of the curves of hinge-moment coefficient
plotted against flap deflection, the parameters should not
be used withous refgrence to the curves {(figs., 2 to 7).
The test at sf = 0 with the O. 35cf overhang unsealed

appeared to be somevhat inaccurate because of a probable
inaccuracy in tab settin therefore this curve was not
used in measuring (ach 786

-~

0O




Except for the 0.500f overhang wilth sealed gap the
hinge-moment parameters were more negative for the HACA
66-009 airfoil than for the HACA 0009 and NACA 0015 alr-
foile with similar flap overhsngs. Some overbalance oc-
curred with the 0.50cy overhang with both sealed and un-

sealed gap. For all conditions tested with the 0.35c¢

and 0.50c, overhange the maximum negative value of

(achf/asf) . occurred at zero fiap deflection. The
o -

51 O+, .

variation in slope over the low deflection range ‘may be
important in considerimng the control-free stadility of the
airplane. The increassd effectiveness of the balance at
large deflections is probably caused by the high velocity
over the nose of the balance as it vrotrudes from the air-
foil swrface. Although no tests were made at flap de-
flections smaller thsn 5° on the flops with large over-
hangs on the WACA 0009 and Ni4C4A 0015 airfoils, the de-
cgeased effectiveness of the balance was evident sven at
5° deflection and would probably be mors evident at smaller
deflections, as on the NLCA 66-G09 airfoil. The balancing
effectiveness of the overbhang wes greater when the flap de-
flectlon end the angle of attack were of opposite sign.
4 rather abruot loss of balaance occurred, however, at pos-—
ltive 1ift coefficients and a* flap deflections greater
than 10°, When this loss of balance occurred, the hinge-
moment coefficients assumed negative values greater than
those for either the NACA 0009 or the NACA 0015 airfoils
under similar conditions. At large positive angles of
attack when the lost 1ift effectiveness was recovered, as
proviously montioned, the hinge-moment coefficients re-~
mained nearly constant or became morc positive in some
instances, The hinge-moment coefficients did not become
more positive for the HACA 0009 and NACA 0015 airfoils.
Thoe main effects of unsealing tho gap were to make
(oy fom,), . more negative and to decrease slightly the

f Op,0,

1ift confficiont at which the balancing effectiveness of
tho overhangs was lost.

The more negative values of the hingc-moment parame-
ters on the WLCA 66-009 airfoil are a further indication
of the elfect of the smaller trailing-edge angle in duild-
ing up greater 1ift over the trailing edge of the airfoil.

Pitching Moments

The values of the parameters (ch/acl)a and

0
(dem/3cy),  in table II give the position of the aerody-
Ay
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namic center of the airfoil, which is important in sta-
bility calculations. When the 1ift wag varied by chang-
ing the angle of attack at a flap deflection of 0°, the
aerodynamic center of the alrfoil was at the 0.244c point
for the mnlain flap and at the quarter-chord point for each
of the largeéer ovsarhangs with a sealed gap. ¥hen the 1ift
was varied by changing the flap deflection at an anglé of
attack of 0°, the asrodyrnamic center was at appreximataly
the 0.43c point for &ll flaps tested. Unsezaling the gap
had 1ittle eXfect on the position of the aerodynamic cen- .
ter. The positions of the aerodynamic center for the
various conditions on the NACA 66-009 airfoil were slight~
ly behind those for similar conditions on the NACA 0009
and NACA 0015 airfoils, which i1s another result of the
increased 1ift near the tralliang edge of the WACA 66-009

airfoil.

Drag

The WACA 66-009 ig one of the NACA series of lcw-drag
airfcils, but the turbulence of the 4~ by 6-foot vertical
tunncl made it impossible for the low-drag conditicn to Dbe
realized during the presont tssts. The measured values
of drag, therefore, cannot be coansideoered absolwte and are
not presented in this report. Any increase in drag causod
by thke increased size of the break in the airfoil surface
when larger overhangs were used was within the experimental
accuracy of the tests. The increments of profile-drag co-
efficient caused by flap deflection, as shown in figure 8,
should be of approvzimately the right maguitude for the
airfoil in a turbulent air stream. During the analysis
of the data, the profile-drag coefficients were plotted
for some of the tests at large flap deflections to obtain
more information on the action of the flap with largse
overhangs in the region near O angle of attack and large
flap deflectlions, where the 1ift effectiveness is lost.
The profile—drag coefficient in this region shows a large
increase which, with the loss in 1ift effectiveness, in-
dicates a separation of the flow over the flap surface.
This fact is also evident in the greatly increased hinge
moments in the same region., 4As the angle of attack is in-
creased, the profile~drag coefficient shows & gradual
increase until at the point near the stall where the 1if%
is recovercd the drag is approximately the same at equal
flap deflections for the plain flap and for the flap with
large overhangs. .
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Tab Oharacteristics

As shown in figures 5, 6, and 7 the tab was effective
in prcducing increments of 1lift coefficient and flap hinge-
moment coefficient at all tab deflections tested. The
value of (achf/as.) 5 vas -0.013 with the plain flap

. C.)) E-]
neutral, a value that 1s slightly greater than that for a
similar tab on the NACA 0009 and WACA 0015 airfoils. The
parameter decreases slighfly with an increase of overhang
and also decreases with increased flap deflection. The
tab was more orfective when deflected in opposition to
the flap.

. The variation of tab hinge-moment coefficient with
tab deflectlon was approximately linear with a slopo
(ach /66 of about -0.009 for all overhangs at 0°

oy, Op

flap deflection compared with a value of -~0.007 for the
NACA 0009 airfoil and -0.005 for ths HACA Q015 airfoil.
Increasing the flap deflection decreases (Bcht/BBt)
. - %
to approximately -0.006 for both 10° and 20° flap de-
flecticns. The slope (dcy /am)s was negative for
all conditions. Under the same cgndltions a similar tabd
on the HACA 0015 airfoil had positive values of
(dch /omo) ) through a small range of angles of attack,
“T’U
a fact that can probably be attributed to the relativsly
large included angle at the airfoil trailing edge. Be-
cause cof the errors possible in setting the tab deflec-
tions, the tab parameters in table II were measured from
faired curves through a range of about 10° tab deflection
in order to minimize the affect of any inaccuracy in the
individual settings.

o

Qo
ry

Because the flap with a 0.50cpy overhang was over-

balanced, this flap cannot be used without some modifica-
tion., If a tab is used and deflocted in the same direc-
tion as the flap, the overbalance of the flap may be elim-
inated and the effectiveness of the flap increased. (See
roference 2.)

The effeoctiverness of the tab (5@ ﬁf-) on the
R T
plain flap (fig. 5) was slightly less than for & similar
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tab on the NACA 0015 airfoil and approximately the samec &as
for & similar tab on tne NACA 0009 airfoil (references 1

and 6),
COMCLUSIONS

The results of the teste of the NACA 66-009 airfoil
having a blunt-nose 30-percent-chord flap with three over~
hangs indicated the following conclusions when compared
vith the results of similar flap arrangements on the NACA

0009 and WACA 0015 airfoils: .

1. Tre slope of the 1ift curve at small angles of
attack was slightly greater for the NACA 66-009 airfoil
than for the HWAGA 00GC9 and WACA 0015 airfoils. Unsealing

.the gap reduced the slops.

2, The flep lift effectiveness (ayjhafhn - vas,

. 29y
approximately the same as for the NACA 0009 airfoil and
glightly greater than for the MNACA 0015 airfoil. The 1ift
effectiveness increacsed slightly with overhang. Unseal~
ing the gap ceaussd a slight loss of effectivenass for the
plain flap but increased the e“fectiveness of the flap
wita overhangs 25 percent and 50 percent of the flap chord.

3. The hinge-moment-coefficient curves gemnerally had
greater negative slopes than those for the MNACA Q009 and
NACA 0015 airfoils. Unsealing the gap had little effect on
the variaticn of hinge-moment coefficient with flap deflec-
tion but caused a slight increase in the variation of
hinge-moment coefficient with angle of attack.

4, The pitching-moment-coefficient curves showed that
the aerodynamic center for an angle-of-attack change at a
constant flan deflection remained near the gquarter-chourd
point for all overhangs and gap conditions. For a flap
deflection at a constant angle of attack the aecrodynamic
centor was at the 43-percent-chord point,

5. The tab was effective in producing increments of
1ift coefficient and flap hinge-moment coefficient for tab
deflections throughout the range tested (from 209 to -20°)
and was more effective when deflected opposlte to the de-

flection of the flap,.

6. Tho effect of the smaller included anglo at the
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trailing edge in building up greater 1ift over the alrfoll
trailing edge was evident in-thé increased lift-curve
slope; the mare negative ‘hinge-~moment. coofficionts, and
the further roarward position-of the.aerodynamic center

o tho NACA 66-009 airfoil as compared .with the NACA 0009
and NAOA Q0O01l5 airfoils,

Langley Memorial Aeronautical Laboratory,
¥ational Advisory Oommittee for Aesronautics,
Langley Field, Va,. :
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ORDINATES FOR WACA 66-009 AIRFOIL

[Stations and ordinates in percent of airfoil chord]

TABLE I

Station Ordinate
0 0
.50 .70
.75 .84
1.25 1.05
2.5 1.41
5 1.94
7.5 2.34
10 2.67
15 3.19
20 3.59
35 3.91
30 4,16
35 4 .33
40 4,44
45 4 .50
50 4 .49
565 4,40
60 4,21
. 65 3,91
70 3,46
75 2.84
80 2.22
85 1.60
90 .92
95 .37
100 (.10)
100 0
L.E, radius:. 0.558
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TABLE II

PARAMETER VALUES FOR 0.30c BLUNT-NOSE FLAP WITH THREE OVERHANGS

Daxoept as noted in the text, the parameters listed wore measursd over 'a small range of angles of attack and

flap deflectlons where the ourves are mors nearly linear.

Bocause of the general nonlinearity of the ocurves,

however, the paramsters shoulq not be used without vreference to figs. 2 to VJ
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0.113cp(plain flap)
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/ nase rad/us
0.50C, ove I‘hang A/rfo"/ contour to flap

R=040c~\ =35 G~ C,=.30C.

Vﬁe -009 _ airfoll _ -
\\ . Rsl\ \Og
035¢, overhang
4?%034Cﬁ\

»
®
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EL . - e N g < N .5 -
ORI SR et -

Grease sea/
or .00I¢c gap

Grease seal
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Plain ?/ap ZR=.03‘9c

figure 1- Various overhangs for a 030¢

flapon an NACA 66 -009 airfoll.
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Fig.2b
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Fig. 3b

" NACA

(.79/01 = %20[q 1)

L0 12 /4 lée I8

8

6

7

£ 0 2

60_70,0 :

-6 -#

Alrtor! secityr /i17 coerricier, ¢

(b) 0005 ¢

-0 8

e 3. - Corrc/Lcr

=12

r1g

| !
IW,U -~ N o = Q m ﬁ i
SFlol [x[ [+ I« o] [a[ > [¢ :
ST IR .
AV A A EEAVEEAVENAVE A
\
NN NN NN NN N
| X ; R
SHRYEN _ ik} [NUAR
N EAYINA o T W n.ﬁ J
LT+ A ; P A
\ R ENVEAN
NEAZ 2= AN | N N L
X AP . ~ X AN
)14 j A R [ OIQFRRA L P TR
\F ! ] r | . BN DN\
A R=CIN=d AN YA WNAN
to\\ [ % \V/ / b,
” AR == b IR
N , T I 4 NS AV NIA
1 | , %L o= 2NN <
| »
Zd “ | s <o \m%ﬂ/ I\
g4y | ! | T L NN
M«ﬁ _ . i I T 1 DN
.Tlvnﬂ . [~ N
- ! . ~~] ~— % A e
! . [~
. - m 1O [©1—
m_ : 58
! ,
TGS FBREEREEY ¥ TS oy e e o e
o uisiote0 LSO~ TN LIoW238 OB/ LD YUY 900 psliows L3O P20 Sl 0 oY
~DUoU T LOUIDS J1oLyy

e -1

/4
e e e
- - - ST B ]
i . . ~ oL N o -

6

/



Fig.4a
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NACA , Fig. S0
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